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Notes: These comparisons are utilizing the preliminary data, as submitted
prior to the AePW. These are workshop results, not publication results.

conventions
These issues are being sorted out post-workshop. None of the

and rescalings etc will be performed prior to publication.

reduction team to share preliminary findings.

There are significant differences including normalization constants, definitions of FRF and sign

results included should be interpreted without proper consideration of these issues. Corrections

Please use these results showing proper respect for the willingness of the analysts and data
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HIRENASD ,

- M =0.80, test medium: Nitrogen

a) Steady (Static Aeroelastic) Cases

| i Re_ = 7.0 million, a=1.5° g/E=0.22 (ETW159**)

| ii. Re. = 23.5 million, a =-1.34°, q/E = 0.48 (ETW271%**)

| b) Dynamic Cases: forced oscillation at 2" Bending mode
frequency

i. Re = 7.0 million, a=1.5° q/E=0.22 (ETW159)
ii. Re. = 23.5 million, a =-1.34°, q/E = 0.48 (ETW271)

M = 0.70, test medium: Nitrogen
a) Steady (Static Aeroelastic) Cases
i. Re = 7.0 million, a=1.5° g/E=0.22 (ETW155%*%*)

b)  Dynamic Cases: forced oscillation at 2" Bending mode

Data Point Excitation
frequency . ’
. Re = 7.0 million, a=1.5° g/E=0.22 (ETW155) requency, Hz

155 79.3
159 78.9

271 80.4




HIRENASD Sensor Locations
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Summary of HIRENASD Entries

Analyst A B C D E
CODE ENFLOW NSMB CFD++ & NASTRAN EZNSS Edge
TURBULENCE .
MODEL kKTNT k-0 MSS | 2 Eq. Realizable k-¢ SA SA
GRID TYPE Strmb Str Unstr Str Unstr
Analyst G H I J K
CODE elsA NSU3D ZEUS FUN3D |ANSYS CFX
TURBULENCE
MODEL SA SA Unknown SA SST
GRID TYPE Str Unstr Str Unstr Str

Str = Structured
Strmb = Structured multi-block

Unstr = Unstructured




Comparison Data Matrix: Experimental Data Status

CONFIGURATION

Steady-Rigid Cases
(RSW, BSCW)

Steady-Aeroelastic
Cases
(HIRENASD)

Forced Oscillation
Cases
(all configurations)

GOMPIETed

GRID
CONVERGENCE
STUDIES

C, Cp, Cyy vs. N2/3

C., Cp Cy vs. N?/3

TIME
CONVERGENCE
STUDIES

n/a

n/a

STEADY CALCULATIONS

e Mean C,vs. x/c
e Meansof C, Cp, Cy,

e Mean C_vs. x/c

| e Means of C,, Cp, Cyy I

TeVerticaldisplacement

vs. chord
e Twist angle vs. span

e Magnitude and
Phase of CL, CD,
CM
(vs. N3 at
excitation
frequency)

e Magnitude and
Phase of C, C,,
Cm
(vs. At at
excitation
frequency)

n/a

DYNAMIC CALCULATIONS

n/a

n/a

e Magnitude and Phase of C, vs. x/c
at span stations corresponding to
transducer locations

e Magnitude and Phase of C, C,, Cy, at
excitation frequency

e [ime histories of Cp’s at a selected
span station for two upper- and two
lower-surface transducer locations




Convergence of steady results, spatial

Experimental comparison data currently in progress

GRID
CONVERGENCE
STUDIES

-2/3
Steady-Rigid Cases C,Cp Cyvs. N

(RSW, BSCW)

Steady-Aeroelastic
Cases C, Cp, Cy vs. N%3
(HIRENASD)

e Magnitude and
Phase of CL, CD,

Forced Oscillation CM
Cases (vs. N2/3 at
(all configurations) excitation
frequency)

TIME
CONVERGENCE
STUDIES

n/a

n/a

Magnitude and
Phase of C,, C,,
Cm

(vs. At at
excitation
frequency)

STEADY CALCULATIONS

Mean C, vs. x/c
Means of C, Cy, Cy,

Mean C, vs. x/c
Means of C, Cy, Cy,
Vertical displacement
vs. chord

Twist angle vs. span

n/a

DYNAMIC CALCULATIONS

n/a

n/a

e Magnitude and Phase of C, vs. x/c
at span stations corresponding to
transducer locations

e Magnitude and Phase of C, C,, C,, at
excitation frequency

e Time histories of Cs at a selected
span station for two upper- and two
lower-surface transducer locations



CL

0.75

0.7

0.65

0.6

0.55

0.5

0.45

04

0.35

HIRENASD M=0.8 Rec=7e+06

| —& - B,cell centered, k-w MSS
C,cell based,2 Eq. Realizable k-epsilor
_ D,SA
-->—-E,node based,SA
| —=-F,node hased,SA
G,cell-center,SA
l,cell based,Greens Integral boundary layer method
-=--J,node based,SA

- A cell-based,k-_ TNT EARSM

K,vertex centered,SST

Spatial convergence,
* CL, steady

Notes: These comparisons are utilizing the preliminary data, as
submitted

- prior to the AePW. These are workshop results, not publication
results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions

- These issues are being sorted out post-workshop. None of the
results included should be interpreted without proper
consideration of these issues. Corrections and rescalings etc
will be performed prior to publication.

T Please use these results showing proper respect for the
willingness of the analysts and data reduction team to share
preliminary findings.

035 e

Grid factor




HIRENASD M=0.8 Rec=7e+06

-0.25 ! . .
el . | Spatial convergence,
D TTTroe—-g
LB _ C M Stead
: Yy
035 -<—A,cell-based k-_ TNT EARSM i
-<--B,cell centered k-w MSS
0.4 C,Ce" based,2 Eq Rea|izab|e k-epSilor | L\l:)k:r?si:ttZZese comparisons are utilizing the preliminary data, as
D,SA prior to the AePW. These are workshop results, not publication
results.
E 0.45 - E,nOde based,SA There are significant differences including normalization
O " 5 7 constants, definitions of FRF and sign conventions
B F, nOde based,SA These issues are being sorted out post-workshop. None of the
results included should be interpreted without proper
05 G,Ce”'center,SA consideration of these issues. Corrections and rescalings etc
A I B T T I T T T I T T T T e 7 will be performed prior to publication.
I,Ce" based,GreenS Integral bou ndary Iayer methOd Please use these results showing proper respect for the
- o willingness of the analysts and data reduction team to share
o ‘J’nOde based’SA preliminary findings.
0SS K,vertex centered,SST ]
L B -
-0.65 ' . .
0 05 1 1.5 2
Grid factor x10”

-0.25




Convergence, time step size

Steady-Rigid Cases
(RSW, BSCW)

Steady-Aeroelastic
Cases
(HIRENASD)

Forced Oscillation
Cases
(all configurations)

Very few data sets submitted up to this point

GRID
CONVERGENCE
STUDIES

C. Cp, Cy vs. N2/3

C, Cp Cyy vs. N3

e Magnitude and
Phase of CL, CD,
CM vs. N2/3 at
excitation
frequency

TIME

CONVERGENCE

STUDIES

n/a

n/a

Magnitude and
Phase of C, Cp,,
Cy Vs. At at

excitation
frequency

STEADY CALCULATIONS

Mean C, vs. x/c
Means of C,, Cy, Cy,

Mean C, vs. x/c
Means of C,, Cp, Cy,
Vertical displacement
vs. chord

Twist angle vs. span

n/a

DYNAMIC CALCULATIONS

n/a

n/a

e Magnitude and Phase of C, vs. x/c
at span stations corresponding to
transducer locations

e Magnitude and Phase of C, C,, Cy, at
excitation frequency

e Time histories of C s at a selected
span station for two upper- and two
lower-surface transducer locations



Spatial convergence, CL, unsteady

HIRENASD M=0.8 Rec=7e+06 {=78.9 Hz

Notes: These comparisons are utilizing the preliminary data, as
submitted

prior to the AePW. These are workshop results, not publication
results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None of the
results included should be interpreted without proper
consideration of these issues. Corrections and rescalings etc
will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to share
preliminary findings.
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Steady-Rigid Cases
(RSW, BSCW)

Steady-Aeroelastic
Cases
(HIRENASD)

Forced Oscillation
Cases
(all configurations)

Comparison Data Matrix

GRID
CONVERGENCE
STUDIES

C, Cp Cyy vs. N3 V'

C, Cp Cyy vs. N3 v

e Magnitude and
Phase of C, Cp,,
Cy, vs. N?3 at
excitation
frequency

TIME

CONVERGENCE

STUDIES

n/a

n/a

Magnitude and
Phase of C, Cp,,

Cy Vs. At at
excitation
frequency

STEADY CALCULATIONS

Mean C, vs. x/c v
Means of C, C,, Gy, /

Mean C, vs. x/c 4
Means of C, C,, Cyy vV~
Vertical displacement

vs. chord v
Twist angle vs. span v

n/a

DYNAMIC CALCULATIONS

n/a

n/a

e Magnitude and Phase of C, vs. x/c
at span stations corresponding to
transducer locations

e Magnitude and Phase of C, C,, Cy, at
excitation frequency

e Time histories of C s at a selected
span station for two upper- and two
lower-surface transducer locations



Envisioned time convergence assessments:
Forced Oscillation Cases
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Convergence, time step size

Very data sets submitted up to this point

GRID
CONVERGENCE
STUDIES

-2/3
Steady—R|g|d Cases CL’ CD; CM vs. N

(RSW, BSCW)

Steady-Aeroelastic
Cases C, Cp Cyy vs. N3
(HIRENASD)

e Magnitude and
Phase of CL, CD,
CM vs. N2/3 at
excitation
frequency

Forced Oscillation
Cases
(all configurations)

TIME
CONVERGENCE
STUDIES

n/a

n/a

e Magnitude and
Phase of C, Cp,,
Cy Vs. At at
excitation
frequency

STEADY CALCULATIONS

* MeanC, vs. x/c
e Meansof C, Cp, Cy,

~ L» ~D7 ~M
e \ertical displacement

vs. chord
e Twist angle vs. span

n/a

DYNAMIC CALCULATIONS

n/a

n/a

e Magnitude and Phase of C, vs. x/c
at span stations corresponding to
transducer locations

e Magnitude and Phase of C, C,, Cy, at
excitation frequency

e Time histories of C s at a selected
span station for two upper- and two
lower-surface transducer locations



Upper surface, steady
Mach 0.8, Re 7M, a¢ 1.5

Notes: These comparisons are utilizing the preliminary data, as submitted

prior to the AePW. These are workshop results, not publication results.

There are significant differences including normalization constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None of the

results included should be interpreted without proper consideration of these issues. Corrections and rescalings etc will be performed prior to publication.
Please use these results showing proper respect for the willingness of the analysts and data reduction team to share preliminary findings.
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Lower surface, steady
Mach 0.8, re /M

Notes: These comparisons are utilizing the preliminary data, as submitted
prior to the AePW. These are workshop results, not publication results.

There are significant differences including normalization constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None of the

results included should be interpreted without proper consideration of these issues. Corrections and rescalings etc will be performed prior to publication.

Please use these results showing proper respect for the willingness of the analysts and data reduction team to share preliminary findings.
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Upper surface, steady
Mach 0.8, Re 7M, a¢ 1.5

H |RENASD, M=080 ReC=7086 eta=0.1 45, Upper prior to the AePW. These are workshop results, not

publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

oA Gm | | e et et e e et o
—<o— B Gm share preliminary findings.
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Upper surface, steady
Mach 0.8, Re 7M, a¢ 1.5

HIRENASD, M=0.80 Rec=7.0e6 eta=0.589 Upper
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Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions
These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.
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Upper surface, steady
Mach 0.8, Re 7M, a¢ 1.5

H lRENASD: M=080 ReC=70e6 eta=0953: Upper prior to the AePW. These are workshop results, not

publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Gm Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
Gm share preliminary findings.

Gf
Gm
Gm
Gc
Gc
Gf
F Gm
—o— G Ge
| Gc

Jaf | in
J Gm ) L0_14 ............ 1
e Gm 0.32— N 5
=P 0.46— A 3
0.59 — A a
0.66— & 5
' | 0.80— & 6
0.8 i ; : | . \°
0 0.2 0.4 0.6 0.8 ;

J Ge l A TR R F—, e =

' Station 7



Lower surface, steady
Mach 0.8, Re 7M, a¢ 1.5

HIRENASD, M=0.80 Rec=7.0e6 eta=0.145 Lower
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Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions
These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.




Lower surface, steady
Mach 0.8, Re 7M, a¢ 1.5

H |RENASD, M=080 ReC=7086 e'[a=0589, LOWGF prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.
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Lower surface, steady
Mach 0.8, Re 7TM, a¢ 1.5

H lRENASD: M=080 ReC=70e6 eta=0953: Lower prior to the AePW. These are workshop results, not

publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Gm Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
Gm share preliminary findings.
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Mach 0.7, Re 7/M, a 1.5, Steady Cp distribution

Upper surface

HIRENASD, M=0.70 Rec=7.0e6 eta=0.145 Upper HIRENASD, M=0.70 Rec=7 0e6 eta=0.589 Lower HIRENASD, M=0.70 Rec=7.0e6 eta=0.953 Upper
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Notes: These comparisons are utilizing the preliminary data, as submitted

Lowe r‘ prior to the AePW. These are workshop results, not publication results.
There are significant differences including normalization constants, definitions of FRF and sign conventions
These issues are being sorted out post-workshop. None of the
results included should be interpreted without proper consideration of these issues. Corrections and rescalings etc will be performed prior to publication.

S u r a C e Please use these results showing proper respect for the willingness of the analysts and data reduction team to share preliminary findings.

HIRENASD, M=0.70 Rec=7.0e6 eta=0145 Lower HIRENASD, M=0.70 Rec=7 086 eta=0.589,Upper HIRENASD, M=0.70 Rec=7 066 eta=0953 Lower
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Mach 0.8, Re 23.5M, a=-1.341, Steady Cp distribution
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Inboard span station, upper surface
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results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.
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Sort by solver example, steady, M 0.8, 7M
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results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.
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Sort by turbulence model example, steady, M 0.8, 7M
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etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to

share preliminary findings.
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Sort by turbulence model example, steady, M 0.8, 7M
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Comparison Data Matrix
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2"d bending mode
oscillatory data

Notes: These comparisons are utilizing the preliminary data, as submitted

prior to the AePW. These are workshop results, not publication results.

There are significant differences including normalization constants, definitions of FRF and sign
conventions

These issues are being sorted out post-workshop. None of the

results included should be interpreted without proper consideration of these issues.
Corrections and rescalings etc will be performed prior to publication.

Please use these results showing proper respect for the willingness of the analysts and data
reduction team to share preliminary findings.
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Lower surface
FRF Magnitude
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These issues are being sorted out post-workshop. None of the
results included should be interpreted without proper consideration of these issues. Corrections and rescalings etc will be performed prior to
publication.
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FRF Magnitude, Mach 0.8, Re /M, a 1.5
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Please use these results showing proper respect for the
A 7 willingness of the analysts and data reduction team to
share preliminary findings.
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FRF Magnitude, Mach 0.8, Re /M, a 1.5
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willingness of the analysts and data reduction team to
share preliminary findings.
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Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.




FRF Phase, Mach 0.8, Re 7/M, ¢ 1.5
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results included should be interpreted without proper
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etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.
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0.59 —— == 4 of the
0.66— = 5 results included should be interpreted without proper
6 consideration of these issues. Corrections and rescalings
0.80——— etc will be performed prior to publication.
Please use these results showing proper respect for the
0.95 A 7 willingness of the analysts and data reduction team to

share preliminary findings.
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Upper surface
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Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions
These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.
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Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.
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Lower surface
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These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.

HIRENASD, M=0.80 Rec=23 56 eta=0.953 Upper f=80.0 Hz
9

£ Station 7 |

B B GmBalar
F GI,64/800
F Go,64/400
F Gm 64/400
F Gm,128/400
G GcB4/50
1 | Ge 128130

J Ge64i25

J GI64R5

J Gm,B4RS
-+ Exp

HIRENASD, M=0.80 Rec=23 5e6 eta=0.953 Lower {=80.0 Hz
35 T

= | Station 7 | [=ees

B Gm B4Nar
F GI,64/600
F Ge,64/400
F Gm 64/400
F Gm,128/400
G GeB4/50
4 | Ge,128/30
J Gc,64/25
J GI64R25

J Gm,B4/25
1 -e—Exp

06 08 1



Sort by solver example, FRF Magnitude, M 0.8, 7M
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Sort by turbulence model, FRF Magnitude, M 0.8, /M

There aren’t enough results submitted with alternate

SA

SST

k-_ TNT EARSM

k-w MSS

2 Eq. Realizable k-epsilon -

Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions
These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.
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HIRENASD, M=0.80 Rec=7.0e8 eta=0.145 Upper
-1 T . . .

Upper surface, Mach
0.8, Re 7M, ¢ 1.5

Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the

e S willingness of the analysts and data reduction team to
share preliminary findings.
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HIRENASD, M=0.80 Rec=7.0e6 eta=0.589 Upper

Upper surface, Mach
0.8, Re 7M, ¢ 1.5

Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions
These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.
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Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
06} 4 share preliminary findings.
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Notes: These comparisons are utilizing the preliminary
data, as submitted

prior to the AePW. These are workshop results, not
publication results.

There are significant differences including normalization
constants, definitions of FRF and sign conventions
These issues are being sorted out post-workshop. None
of the

results included should be interpreted without proper
consideration of these issues. Corrections and rescalings
etc will be performed prior to publication.

Please use these results showing proper respect for the
willingness of the analysts and data reduction team to
share preliminary findings.
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Comparison Data Matrix

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIONS DYNAMIC CALCULATIONS
Steady-Rigid Cases Cy Cp Cyvs. N3 v/ * Mean C, vs. x/c v
(RSW, BSCW) n/a e MeansofC, C, Cy, n/a
* MeanC, vs. x/c 4
Steady-Aeroelastic e MeansofC,C, Cy V'
Cases C, Cp Cyy vs. N3 v n/a e Vertical displacement n/a
(HIRENASD) vs. chord 4
e Twist angle vs. span v
e Magnitude and Phase of C, vs. xfc
e Magnitude and v Magnitude and v~ at span stations corresponding to
Forced Oscillation Phase of C, Cp,, Phase of C, Cp,, transd‘ucer locations
Cases Cy Vs. !\1’2/3 at Cy vs. .At at n/a . Ma.gmt.ude and Phase of C, C,, C,, aty”
(all configurations) excitation excitation - ——
frequency frequency e Time histories of C s at a selected

span station for two upper- and two

lower-surface transducer locations



